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Abstract 
This paper explores the management of Selupu Rejang agropolitan area in Rejang Lebong regency in the province of Bengkulu. 
Bengkulu has been designed as a pilot area of agropolitan development since 2002. Selupu Rejang agropolitan was the one of 
agropolitan areas which has not reached the ideal target yet. Pressure on the environment was arising as a result of intensive 
farming activities, especially in the highland agricultural areas, causing the area unsustainable. The data reveal that there has been 
environmental degradation in Selupu Rejang agropolitan due to agricultural activities. It is not in accordance with the principles 
of ecology in the region. Degraded environmental conditions can cause agropolitan become unsustainable, especially in the 
highland area that has an important role for the stability of ecosystem. Therefore, this study aims to build agropolitan area 
management model that integrates economic, social, and environment interests. Hence, the agropolitan development can be 
sustained by entering the interests of the environment in the development of the region in accordance with the rules of typical 
ecosystems in Indonesia, called the tropical rainforest ecosystem. This paper uses system dynamics to simulate the conditions of 
the region and the interventions to be carried out. The result is a model that can reduce environmental degradation. It can also 
simultaneously increase production and add value to the agricultural sector. Finally, the sustainability of agricultural production 
systems, rural economy, and environment can be maintained and improved. 
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1. Introduction 
Sustainable development is to ensure equity and social justice. Equity and social justice should be enjoyed by all 
level of society, both in urban and rural areas. In relation to rural development and urban development, imbalance 
will cause the rural areas become weakened due to the excessive depletion (backwash) in rural areas. However, the 
other side of town had to bear heavy burden. Inequality between one region and the other causes residents to be 
encouraged to migrate from one region to another1. As a result, the city as the destination has to bear a wide range of 
social and environmental issues, while the rural areas as an agricultural center is left behind. This will then lead to 
the occurrence of poverty and underdevelopment of and in rural areas2.  
Inequality produces the concept of the development of rural areas through Agropolitan. Friedman & Douglass 
emphasize the importance of Agropolitan approach for rural development in Asia and Africa. This approach 
illustrates well that rural development can be done by connecting rural areas with urban development at the local 
level3,4. Agropolitan approach can reduce the negative impacts of development, namely the occurrence of 
uncontrolled urbanization, depletion of natural resources, and rural poverty5. Agropolitan is a type of bottom-up 
development concept which aims to build agriculture-based economy in the selected region, increasing the 
prosperity and welfare of rural communities, and to serve, encourage, and spur agricultural development in the 
region and surrounding areas, multi-sectoral and multidisciplinary. Agropolitan concept has a lot of coloring 
implementation in development programs in Indonesia. Agropolitan program was planned to begin in 2002 with the 
involvement of a wide range of related sectors. Agropolitan program has been implemented in several countries in 
Asia, including Indonesia, to set 8 (eight) pilot areas, one of which is  Rejang Lebong regency, Bengkulu.  
The agricultural sector plays a major role in the economy of Rejang Lebong. Agriculture is the primary sector 
with the largest contribution to the formation of the Gross Regional Domestic Product Rejang Lebong, reaching 
54.86% in 2011 with the production increasing relatively steady each year 6.  
Bengkulu Province has been designed as a pilot area of Agropolitan development since 2002. Selupu Rejang 
agropolitan was the one of agropolitan areas which has not reached the ideal target yet. The disadvantage of this 
concept is loaded with the economic development of an area to be growing fast and has not been widely studied in 
the context of sustainable development, so that the implementation is more focused on the efforts to increase 
production, not to achieve development goals in an integrated area which also includes aspects of environmental 
sustainability.  
Pressure on the environment was arising as a result of intensive farming activities, especially in the highland 
agricultural areas, causing the area becomes unsustainable. The data reveal that there has been environmental 
degradation in Selupu Rejang agropolitan area. There are existing area of 220 ha of agricultural land unsuitable 
Spatial7, reliance on high input, a decrease in water quality of the river is characterized by turbidity, Dissolved 
Oxygen (DO) values, Biochemical Oxygen Demand (BOD) is exceeding the water quality standard limits8, and the 
erosion of 248.59 tons/ha/year in the catchment area of Lake Harun Mas Bastari due to agricultural activities in the 
border area of the lake [9].  
Degraded environmental conditions can cause agropolitan become unsustainable; especially the highland that has 
an important role for the stability of ecosystems. The ideal condition is desired by agropolitan based on sustainable 
agriculture that can accommodate the needs of economic, social, cultural, and environment in a rural development 
framework. This will be achieved if agricultural development is implemented in balancing and adjusting the carrying 
capacity of the ecosystem. The sustainability of the rural economy, agricultural production, and environment can be 
maintained in the long term. Therefore, to reduce the weaknesses, research activities are needed to align the interests 
of economic, social, and environment. The agropolitan development can be sustained by entering the interests of the 
environment in the development of the region in accordance with the rules of typical ecosystems in Indonesia, called 
the tropical rainforest ecosystem. 
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2. Material and Methods 
2.1. Area Studied and Data Collected 
The study was conducted in Selupu Rejang Agropolitan Region, Rejang Lebong Regency, Bengkulu Province. 
The data collected were both primary and secondary data. Primary data were collected through surveys, interviews, 
and observations. Secondary data were collected from the results of previous research, reports related to service 
agencies and the data from the Central Bureau of Statistics.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Map Of Selupu Rejang Agropolitan Area 
2.2. Analysis Methods 
Stages of analysis include analysis of existing characteristics of the area and model building. The results of the 
analysis of existing conditions and critical components in the analysis of sustainability will be the basis for the 
sustainable agropolitan management modeling using system dynamics. System dynamic can be described as a 
system of interrelationships between the various interacting variables and dynamic10. Data used in the preparation of 
the model are the series of data from 2000 to 2013. The main variables that will be used to construct the model are 
populations, environmental characteristics, characteristics of agricultural production, and rural economic 
characteristics. 
3. Results 
3.1. Building Conceptual Models 
Carrying out development requires at least four types of resources, namely natural resources, human resources, 
artificial resources, and social resources11. Further, the environment consists of the natural environment, the built 
environment of human, social, and environment12. Similarly, acomprehensive approach towards sustainable 
development should take into account the five principles of criteria, namely: (1) abiotic environment, (2) biotic 
environment, (3) cultural values, (4) sociology, and (5) economy13. The components of resources and the 
environment are not mutually exclusive, but rather mutually interact.  
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Therefore, agricultural development should be done in agropolitan rural development perspective and in harmony 
with the environment. Sustainable agricultural development aims to achieve sustainable agricultural production, 
rural economic sustainability, and environmental sustainability in the long term14. Based on the definition of 
sustainability, the sustainable management agropolitan in this study is the management that integrates economic, 
social, and environment in an integrated manner in order to achieve sustainability of agricultural production, rural 
economic sustainability, and environmental sustainability within the framework of the development of rural areas.  
Based on the definition, the main variables in this study are the population, the characteristics of the environment, 
agricultural production characteristics, and characteristics of the rural economy. The main variables are number of 
population, cultivated land area, agricultural land area in the forest, erosion, commodity production, and farmers' 
income (see Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Causal Loop Diagrams Existing Condition (R: Reinforcing Loop; B: Balancing Loop) 
3.2. Environmental Characteristics 
The area is located in Rejang Lebong highland with hilly topography. Farmers seek various kinds of vegetables at 
highlands with varying slope levels. Land with slopes greater than 15o dominatethis region consisting of an area of 
98.191 hectares or 64.70% of the existing land area6. Average rainfall was 33.75 mm/month, with the average 
number of rainy days 14.6 days/month in dry season and 23.2 days/month in rainy season. The topography and 
climate of this region have a high risk upon farm management, while the other side of the highland region holds a 
very important role as a water system regulator and the maintainer of ecosystem stability15.  
Spatial analysis using GIS showed the changes in land cover and land cover overlaying the forest area in year of 
2000 and 2013 (see Fig. 3 and Table 1) 
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Fig. 3. Land Cover of Selupu Rejang Agropolitan Area, 2013. 
 
Table 1. Overlay Land Cover With Forest Referral 2000 dan 2013 (Hectares) 
Land Cover Cultivated areas 
     (2000) 
Cultivated areas 
     (2013) 
Protected areas  
       (2000) 
Protected areas  
       (2013) 
Lake/Danau 31.86 31.86 51.46 51.46 
Forest and shrubs/Hutan dan semak belukar 
Primary Forest/Hutan primer 
5,532.51 
48.57 
5,390.73 
48.57 
951.26 
5,269.80 
939.02 
5,269.80 
Fields/Ladang/tegalan 
Settlements/Pemukiman 
Dry land agriculture/Pertanian Lahan kering 
Swamp/Rawa 
250.19 
990.11 
2,164.52 
115.10 
303.10 
1,056.88 
2,190.89 
110.93 
54.54 
1.15 
27.76 
0.00 
60.35 
1.15 
34.19 
0.00 
Sources: Spatial Analysis with GIS, 2014. 
3.3. Characteristics of Farmers and Farm 
The results of the survey showed that most respondents were in the productive age group. The group age of 18-43 
years is 71.5% withthe largest education level as elementary graduationsreaching 50.5%. Based on the land area, 
54.0% of respondents have land areas of less than 0.9 hectares (ha) and 38.5% of respondents have land areas 
between 0.9 and 1.5 ha, only 1% of the number of respondents have land area wider than 2,9 ha.  
The main agricultural production activity in the agropolitan Selupu Rejang district is the cultivation of vegetables. 
Based on the observations, generally farmers planted with monocultures and intercropped with some vegetables.  
In general, farmers are still dependent on chemical pesticides to control pests and plant diseases. Industrial 
processing of agricultural products such as vegetables in the region has not been developed. From the survey results, 
100% of respondents would prefer to sell their products in fresh form. 
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3.4. Models Simulation 
Simulation models are constructed to describe the condition of the area from 2000 to 2013, and continued until 
2073. Validity test of the model uses the formula of Absolute Means Error (AME)10. Validation results showed that 
the percentage error for the variable of population is 3.30% and cultivated land area is 0.14%. Thus the model is 
valid to run. The simulation results are shown in Figure 4, 5, and 6. 
The simulation results showed that cultivated land area has increased from 2000 to 2067. In 2068, the cultivated 
land area will be declined due to the carrying capacity. It means that land suitable for cultivation has been used 
entirely. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Business As Usual (BAU) of Cultivated Land Area 
This will encourage farmers to undertake cultivation in protected areas. The Simulation models showed that the 
decreasing forest area and increasing agricultural land in the forest will make the erosion worse (Figure 5). If the 
condition has exceeded the carrying capacity of land, and farmers' income is not sufficient, the forestland will be 
cleared to be agriculture areas. This will increase erosion, which ultimately affect agricultural production and 
farmers' income (Figure 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Business As Usual (BAU) of Agriculture Land Area In The Forest and Erosion 
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Fig. 6. Business As Usual (BAU) Simulation of Commodity Production and farmers' Income 
 
 
Behavior Business as Usual (BAU) is not able to support sustainability of agropolitan area, therefore it is needed 
a necessary intervention scenario. Intervention performed on the model being built is expected to reduce 
environmental degradation as well as to increase production and value-added agriculture. Based on the analysis of 
existing characteristics, interventions can be done as shown in Figure 7.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Causal Loop Diagrams With Structural Intervention (R: Reinforcing loop; B: Balancing Loop) 
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To solve the problems, we need interventions on it. Figure 8 shows that within some scenarios (BAU, pessimistic, 
moderate, and optimistic scenarios). Intervention scenario consists of functional interventions and structural 
interventions. Functional interventions increase productivity of commodities. Structural interventions at moderate 
and optimistic scenarios, done through diversification on agricultural activities are agroindustry, agribusiness, and 
market (Sub Terminal Agribusiness). This intervention will encourage optimization of the use of agricultural land 
and increase farmers' income. It is expected that farmers can use the land as optimal as possible. This will reduce the 
needs of farmers to encroach forest areas, so that agricultural land in the forest can be suppressed. Considering the 
current condition of the existing area, the best scenario selected is moderate scenario. This scenario is able to 
increase farmers' income, decrease agricultural land area in the forest, and decrease erosion. 
 
 
 
 
 
 
 
Fig. 8. Models Simulation with Interventions 
4. Discussion 
Agricultural cultivation in the highland are faced with limiting biophysical factors such as the relatively steep 
slopes, soil sensitivity to erosion and landslides, and heavy rains. Errors in the management and utilization of land 
resources in the highlands may cause damage to the biophysical form of degradation in soil fertility and water 
availability.  
  Increasing human needs in line with the rise of population will have an impact on the use of natural resources 
and the social environment. Uncontrolled population growth caused land use changes relatively quick. This leads to 
the conversion and fragmentation of land.  
Figure 3 and Table 1 show that there are existing agricultural land area of 94.50 hectares located in the protected 
area. This area is small, but in the future, it will bring many problems. Transformation of forest area into agricultural 
land and enterprise which did not heed the preservation of forest can increase erosion and natural disasters.  
Characteristics of farmers who are predominantly low-income farmers and small agricultural land holdings 
caused farmers do the intensive farming to maximize agricultural production. Surveys and observations also showed 
that farmers do the intensive farming and monoculture. This will encourage the intensification of land resources that 
would ignore the principles of conservation and preservation. It absolutely breaks the principles of ecology in the 
tropical rain forest ecosystem.  
Simulation of a business as usual (Figs. 4, 5, and 6) shows that cultivated land area will decrease as a result of 
population growth and land carrying capacity limiting factor. If the condition has exceeded the carrying capacity of 
land and farmers income is not sufficient, the forestland will be cleared to be agriculture area. This will increase 
erosion, which ultimately affect agricultural production and farmers' income. Alternative intervention scenarios to 
choose is the concept of sustainable agropolitan in the highland tropical rain forest ecosystem. Functional 
interventions are performed by increasing productivity of commodities in cultivated land area through increased 
application of land and water conservation technologies. The technology can be selected to integrate seasonal 
horticultural crops with perennial crops in accordance with the Agroecological Zones. 
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Ecosystem condition with rainfall and abundant sunshine all year and tropical rainforest is an ideal habitat to 
grow a variety of flora and fauna. As a result, Indonesia has a high diversity. Wet tropical climate conditions at the 
equator makes Indonesia rich in the number of individual species. Thus, the development of monospesies 
commodity is not allowed as it is opposed to the ecological principles16. Highland farming systems are vulnerable to 
destruction of environmental resources, such as the destruction of water catchment areas, watersheds, and 
destruction in the area of farming that does not comply with the rules of ecology. Therefore, the concept of 
sustainable agriculture in the highlands must observe the rules of conservation while maintaining the stability of 
production.  
Structural intervention is carried out by the addition of variable diversification of agricultural activities. It aims to 
optimize the utilization of land and activities that support the improvement of farmers' income. Agropolitan concept 
aims to reduce poverty through rural infrastructure development and agribusiness management activities and to 
increase rural economy. The increase in revenue is expected to promote farmers' awareness of the application of the 
conservation principles. Finally, the sustainable agropolitan management model is built to decrease the degradation 
of the environment. Therefore, the environmental sustainability can be maintained. It can also simultaneously 
increase production and value-added agricultural sector. Finally, sustainability of the rural economy can be 
improved. 
5. Conclusion 
Result of this study is the formulation of a sustainable agropolitan management model in the highland tropical 
rain forest ecosystem. It is to ensure the sustainability of agricultural production system, rural economy, and 
environment. 
Variable of population, characteristic of environmental, characteristic of agricultural production, and the 
characteristic of the rural economy are the key variables. They interact with each other in the built sustainable 
agropolitan management model.  
The simulation results showed that the cultivated land area will decrease as a result of population growth and land 
carrying capacity limiting factor, while the cultivation of agricultural land area in the forest will grow continuously.  
Functional interventions is performed by increasing productivity of commodities in cultivated land area through 
increased application of land and water conservation technologies. Structural intervention is carried out by the 
addition of variable diversification of agricultural activities through agroindustry and market (Sub Terminal 
Agribusiness). The best scenario selected is moderate scenario because this scenario is able to increase farmers' 
income, decrease agricultural land area in the forest, and decrease erosion. 
The sustainable agropolitan management model is built to decrease the degradation of the environment. 
Therefore, the environmental sustainability can be maintained. It can also simultaneously increase production and 
value-added agricultural sector. Finally the sustainability of the rural economy can be improved. 
References 
1.  Tjiptoherijanto P. Mobility as the future demographic challenges. Jakarta: Kosa Kata Kita & Faculty of Economic, University of Indonesia 
Press; 2011. 
2. Anwar A.  Inequality and rural area development.  Bogor: P4W Press; 2005. 
3. Friedmann J. The active community: Toward a political-territorial framework for rural development in Asia. Economic Development and 
Cultural Change 1981; 29:235-261. 
4. Douglass M. Agropolitan development: an alternative for regional development in Asia. Himalaya Review 1981;13:37-71. 
5. Rustiadi E, Hadi S. Agropolitan development as a rural development strategy and balanced development. In Rustiadi E, Hadi S, Widhyanto, 
editors. Agropolitan: concept of balanced development of rural urban, Bogor: Crestpent Press; 2006, p. 1-31. 
6. Central Bureau of Statistic Rejang Lebong. Rejang lebong regency in figures. BPS; 2012. 
7. Mulyana M. Optimization of cropping pattern for the development Selupu Rejang agropolitan, Bengkulu Province. Tesis. IPB; 2011. 
8. Environment Agency of Bengkulu Province. The final report of water quality monitoring in the river Ulu Musi Rejang Lebong and 
Kepahiang, Bengkulu Province. BLHD; 2013. 
9.  Environmental Research Center University of Bengkulu. Action plan natural resources and environment Bengkulu Province; 2006. 
10. Muhammadi, Aminullah E, Soesilo B. System dynamics analysis of environmental, social, economic, management. Jakarta: UMJ Press; 
2001. 
622   Sri Fatkhiati et al. /  Procedia Environmental Sciences  28 ( 2015 )  613 – 622 
11.Seragaldin. Making development sustainable: from concept to action. The International Bank for Reconstruction and Development/The World 
Bank Washington DC. USA; 1994. 
12. Soerjani, M., Yuwono, A., & Fardiaz, D. Environmental: education, environmental management and sustainable development, Jakarta: 
Yayasan Institut Pendidikan dan Pengembangan Lingkungan; 2006. 
13. Bosshard, A. A methodology and terminology of sustainability assessment and its perspective for rural planning. Agriculture, ecosystems, 
and environment 2000; 77: 29-41. 
14. Li, M. The choice of Sustainable development model of China’s. Agriculture Asian Social Science 2009; 5: 91-93. 
15. Adiningsih S, Karama S. A sustainable upland farming system for Indonesia. Center for Soil and Agroclimate Research 2013. 
16. Thayib, M.H. (2010). Technology for the Future Indonesia. The Ary Suta Center Series on Strategic Management 2010; 9. 
 
 
